Abstract
Introduction
Alumina ceramics are widely used as reinforcement in many applications of modern metal matrix composite materials [1] . However, engineering applications of a ceramic material are determined by its brittleness. The composite preparation also suffers from low wettability because of liquid metal and ceramic interactions. As the bonding between metal and ceramic plays a prominent role in deciding the characteristic of the composite, the research is focused at the methods of improving wettability. One such method is modifying the particulate-reinforcement surface using a metal coating as layer [2] .
Nickel, known for its excellent corrosion and wear resistance, is a good choice for a coating material. A few methods like co-precipitation method, sol-gel method are employed to prepare the coated powder [3] . On the other hand, the electroless plating method is another option with an advantage in high deposition rate, simple operation and capability of mass production [4] . Another advantage of using electroless nickel is its ability to produce the deposits with a very high degree of uniformity of thickness [5, 9] . The Ni deposit has a good wettability and is generally hard [14] .
The Electroless plating proposed by Brenner and Riddell has been widely used during the past two decades in many applications. The plating process consists of two steps. One is surface treatment and the other one is bathing for Plating. The plating through electroless method depends on many process parameters like sensitizing and activating conditions, plating time, pH, Temperature, Stirring, elements and concentration of the bath [4, 5, 6, 7, 9, 15] . So, the conditions must be good enough for effective plating. The wrong selection or wrong implementation of process parameter leads to improper or no coating on the particles [6] .
Leon et al., [2] reported the electroless nickel deposition with varying sizes at micro level on Sic and Al2O3 powders and observed uniform and continuous nickel films on both the particles using acidic bath conditions. The Nickel coating on coarse particles by electroless plating method was very well reported but the research on coating of Ultra fine particles was limited [4] . The nano sized ceramic powders have been recognized as effective strengthening second phases for MMCs [7, 8] . The successful electroless deposition of metals on these ultra fine powders is still an issue to address.
The present work confers to the preparation of Ni plating on nano sized α-Al2O3 powders by standard electroless plating procedures. The influence of sensitization conditions on plating is discussed for the better understanding of mechanisms in the deposition of Ni on Nano sized α-Al2O3 particles. Section 2 discusses the Experimental conditions while the other sections are aimed at the results and conclusions.
Experimental

Raw Materials:
99% pure α-Al2O3 powders of average particle size 50 nm, supplied by M/s United Nano Tech Products Limited (UNTPL), Howrah, are used in the present experiment. The primary characteristics of the powder are shown in Table 1 . 
Mechanism of Plating:
The basic principle of Electroless plating is similar to Electro Plating but without many Electrical Contacts and apparatus. Charge transfer takes place through a chemical reduction process. The Electroless plating depends upon the catalytic reduction of a metallic ion in an aqueous solution containing a reducing agent and the subsequent deposition of the metal without the use of electrical energy [9] . In this experiment, Nickel Chloride Hexahydrate (NiCl2.6H2O) is used as a source of Nickel ions while Sodium hypophosphite (NaH2PO2.H2O) is the reducing agent. The pre treatment of the powder (Sensitization and Activation) makes the conditions favorable for plating. The nickel deposition with SnCl2 sensitization and PdCl2 activation is employed in the present work [2, 4] . In the sensitization process, Sn 2+ ions are absorbed on the surface of the Al2O3 powders, which could facilitate attracting of Pd 2+ ions onto the surface of particles (Eq. 1). When the activated α-Al2O3 powders are added to the bath, the metallic nickel could be deposited with the following reactions (Eq. 2 & Eq. 3) taking place [4, 6] .
The Ni 2+ ions will be reduced to metallic nickel and the metallic Pd 0 oxidized to Pd 2+. That is, both oxidation and reduction reactions happen in the process. Pang et.al [4] has given an illustration of mechanism in the plating process of ultrafine particles ( Figure 1 ). 
Experimental Procedure:
As mentioned in the earlier section, the plating process involves two steps, Viz. Pretreatment (Surface preparation) and Bathing. Initially, the powder was treated with acetone using Ultrasonic cleaner and later on with different chemicals to complete the pretreatment process. Xu et al., reported Ultrasonic agitation promotes better nucleation and deposition of nickel than mechanical agitation in case of nickel-coated graphite [10] . The detailed description of the chemicals and their purposes used for experimentation are mentioned in the Table 2 . The powders are rinsed with distilled water and are dried in each step.
The pretreated powder is sent to the electroless nickel deposition bath. The alkaline solution bath was adapted for the advantage of having low phosphorous content [11, 12] . The bath elements used here are less in quantity and have an economical advantage than those proposed by pang et al., [4] . The deposition bath for plating was prepared using the formulations given in the literature [13] and is indicated in Table  3 .
Copyright ⓒ 2016 SERSC So as to study the significance of sensitization on electroless nickel plating, Al2O3 powder after immersion in SnCl2 solution, was rinsed for one, three and five times with distilled water followed by dried in each step. The detailed conditions used in the experiment along with sample designations are given in Table 4 .
Characterization of Powders:
The surface morphology of the α-Al2O3 powders before and after electroless Ni deposition was characterized. The characterization was done with the support of FE Scanning Electron Microscope (SIGMA HV -Carl Zeiss With Bruker Quantax 200 -Z10 EDS Detector) equipped with an energy dispersive spectroscopy (EDS). The Transmission Electron Microscope (TEM, JEOL/JEM 2100) and the crystallographic characteristics of Ni were analyzed by X-ray powder diffractometer (Bruker AXS D8) at Sophisticated Test & Instrumentation Centre, CUSAT Campus, Cochin, INDIA.
Results and Discussion
From the literature, the reduction of nickel is always accompanied by the evolution of hydrogen gas [6] . The reaction of hypophosphite (Eq. 2) is the main reason. When the Samples B, C and D were added to the bath for plating at the conditions specified, the hydrogen gas was evolved in Samples C and D (Figure 2b ) and liberation was very poor in the Sample B (Figure 2a ). The color change may justify the presence of Nickel in Samples C and D. 
Figure 2. Evolution of Hydrogen Gas during Plating Process
The photographs of Sample A, B, C and D after plating were shown in Figure 3 . The color of the powders was darker in sequence. The color of Sample A is white, while the color of Sample C is grey and Sample D is black. The Sample B does not show any major color change and it is in greenish white. The darker the color the rich in deposition of Ni [4] . These results indicated the possible signs of good Ni deposition in Sample D. The reason for less color change in Sample B may be due to the absorbed Sn +2 ions on the surface of Al2O3 particles during sensitization process being rinsed out because of washing more times [4] . So it does not acquire enough strength to attract nickel from the bath.
The density was measured using Archmedian principle. The average of five readings was calculated and observed. The density of Sample A (pure α-Al2O3) is 3.90 g/cm 3 while the densities of Sample B,C and D are 3.96 g/cm 3 , 4.03 g/cm 3 and 4.15 g/cm 3 respectively. Sample D has superior density compared to the remaining
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Figure 3. Optical Photographs of Raw and Electroless Ni Deposited Powders under Different Conditions
The XRD patterns of powders are shown in Figure 4 . Figure 4 (a) has the diffraction peaks of α-Al2O3 (Sample A) while Figure 4(b & c) contains the diffraction peaks of Ni coated α-Al2O3 (Sample C and D). It was observed that the diffraction peaks in Sample C and D were broad when compared with Sample A. A shoulder indicating Ni was obtained at an angle of 44 to the alumina peak in case of sample C. This may be an indication of Metallic nickel added to the surface of Alumina. In particular, the diffraction peaks at 2-Theta angle 40-50 were broad in Sample D [ Figure 4 (c)] than sample C indicating the more Ni deposition on the surface of α-Al2O3 powders [4] . It means that the more rinsing times lead to lower Ni deposition in Sample C. The traces of sharp peaks in the spectrum are the indication of crystalline structure. The high magnification TEM images to evaluate the phase and coating thickness of powders in case of Samples A, C and D are shown in Fig 7& 8 . The Surfaces of sample C, and D are not as smooth as sample A and have shown a clear indication of coating. The surface of sample C attracted a little amount of Ni. The plating was also not uniform in sample C as shown in Figure 7 (b). The coating thickness was approximately 1-2 nm. The reason for not complete plating was may be due to the Sn +2 ions absorbed during sensitization are partly washed away because of more rinsing times. It could not felicitate good amount of Pd +2 to attract metallic nickel [4] . The maximum coating thickness of 31nm was achieved in case of Sample D [ Figure 8(a) ]. Pang et al., [4] reported a composite like structure rather than a core structure in the experiment conducted with 150 nm particle using different bath conditions but the experimental conditions considered here resulted a more uniform coating even on 50nm particle size. The Sample D conditions of sensitization and activation provided a good platform for the Ni deposition over the nano Al2O3 surface and is confirmed in accordance with XRD and SEM results. The structure of Ni coated Nano Al2O3 powder was crystalline in case of sample D when the image observed using SAD which is shown in Figure 8 
Conclusions
The present paper proposes a promising way to reinforce composites with surface modified ceramics for better properties. Nano sized Al2O3 powders of an average size 50nm were successfully and fully coated with Nickel by electroless plating method. The importance of sensitization process in plating was highlighted with more rinsing conditions. More rinsing in sensitization leads to less / no Pd on particle surface and attracted a little amount of nickel for coating. The bath conditions also played a key role in uniform Ni deposition on the surface of Al2O3. The color change and density values have given the primary indications and the results of SEM, TEM and XRD, are also convincing and shown the effectiveness of the proposed method for coating on ultrafine ceramic particles.
